Abstract: Grocery stores can be an important resource for health and nutrition with the variety and economic value of foods offered. Weekly circulars are a means of promoting foods at a sale price. To date, little is known about the extent that nutritious foods are advertised and prominently placed in circulars. This study's aim was to compare the nutritional quality of products advertised on the front page of online circulars from grocery stores in high-versus low-income neighborhoods in New York City (NYC). Circulars from grocery stores in the five highest and five lowest median household income NYC zip codes
Introduction
Research indicates that the built environment impacts quality of health. In the area of nutrition, it is clear that communities rely on what is locally and readily available when making food choices for themselves and their families [1, 2] . Recent public health reports have highlighted the problem of inadequate availability of nutritious foods in low-income neighborhoods as well as for ethnic minorities [3, 4] . Less access to healthy whole foods such as fruits and vegetables can increase risk of developing chronic disease, particularly those comorbidities associated with obesity [5, 6] . Conversely, greater access to nutritious foods has been linked to lower rates of obesity. For instance, the presence of-and residents' proximity to-neighborhood grocery stores has been linked to a decreased risk of obesity, lower rates of diabetes, and better eating habits [7] [8] [9] [10] .
Grocery stores can be an important resource for health and nutrition, namely given the wide variety and economic value of foods that are available [4, 11] . These food establishments also have the opportunity to positively influence customers' habits of purchasing more healthful foods. An increasing number of grocery stores across the country are launching wellness programs based on customer demand for more accurate information on and availability of nutritious foods [12, 13] . Other health-promoting means utilized by certain grocery stores include coupons and promotional sales that are advertised in weekly circulars [14] .
In a recent study, food products advertised on the front page of circulars from grocery stores located in urban, low-income neighborhoods were found to be mostly processed, high in carbohydrates, and low in fiber [15] . The circulars also offered a paucity of fresh fruits and green leafy vegetables; packaged foods were often high in sodium and saturated fat [15, 16] .
These findings, among others, highlight the problem of affordable access to nutritious foods in urban neighborhoods with high rates of diabetes and obesity [17] [18] [19] . In general, higher-income areas offer greater access to healthful foods, providing greater quantity, better quality, and more variety [4] . To date, little is known about how often these foods appear in promotional materials such as circulars. As such, this study's aim was to compare the nutritional quality of food products advertised on the front page of circulars from grocery stores in high-versus low-income neighborhoods in New York City. We hypothesized that the grocery stores from low-income zip codes would advertise a greater number of food products that were lower in nutritional value.
Experimental Section

Sample Selection
Prior to sample selection, we first determined median household income for all zip codes in New York City using U.S. Census data [20] . The study's sample consisted of grocery stores from the five zip codes representing highest median household income with grocery stores present and five zip codes representing the lowest income in this category. To identify grocery stores in these zip codes, we accessed three separate, online search engines (for cross-checking purposes) and entered the terms, "grocery stores" and "supermarkets" by zip code in these two income groups. If there were no grocery stores located in a zip code that was entered, the next highest (or lowest) median household income zip code was entered. Only grocery stores with online, weekly circulars were eligible for selection. Once stores with online circulars were identified for both zip code groups, one store per zip code was randomly selected for a total of ten sites. All stores selected for the high-income group were located in Manhattan. Among stores in the low-income group, three were located in the Bronx and two in Brooklyn. It should be noted that all ten grocery stores were part of larger grocery chains.
Data Collection
Nutritional information for all food products advertised on the first page of online circulars in both the high-and low-income groups was collected every other week from May to July, 2013. Each advertised food product was entered into the United States Department of Agriculture's (USDA) National Nutrient Database for Standard Reference Coding Chart and categorized into one of the 25 existing food groups [21] . For instance, the database categorized pizza as a "fast food" and ice cream as a "sweet." All products listed in the beverage category were removed from the data set for separate analysis.
For each food product, nutrient information was recorded from the nutrition facts label on the manufacturer's website. When such information was missing online, it was obtained directly from the physical label. In the case of unbranded foods and produce, nutrient information was obtained from the USDA Nutrient Database. The nutrient information included amount of carbohydrates, fiber, and sodium present in one serving.
Foods with at least one carbohydrate choice per serving were identified as those that contained a minimum of 15 grams of carbohydrates per serving [22] . Reflecting the federal guidelines for nutrition facts labeling, high-fiber foods were identified as those with 5 grams or more of fiber per serving, and products containing less than 120 milligrams of sodium per serving were categorized as low in sodium [23, 24] . Products advertised as reduced-, low-, or zero-fat in the circulars were also coded as such. This study was determined to be exempt/not human subjects research by the Institutional Review Boards at Lehman College, William Paterson University, and Teachers College, Columbia University.
Data Analysis
Circulars were analyzed across the aforementioned 10 grocery stores in New York City. All data were organized and analyzed in SPSS (version 20.0, IBM Corp., Armonk, NY, USA). Within each food group, the proportion of foods with specific nutritional or product types was calculated. These included: (1) baked products, breakfast cereals, cereal grains and pasta products that contained at least one carbohydrate serving and/or were high in fiber, (2) products within the "fruit and fruit juices" food group that could be categorized as fresh fruits, fruit juice and canned or frozen fruits, and (3) products within the "vegetables and vegetable products" food group that could be categorized as fresh, canned, or frozen vegetables [15] . The proportion of products with the aforementioned characteristics within each USDA category that were promoted by multiple sales was also calculated. A "multiple sale" encouraged customers to purchase multiple units of the same product by advertising prices such as "buy one, get one free," "buy two for $3.00," or multiple units packaged together, such as a pack of six soda cans.
Further, z-ratios were calculated to determine if the independent proportions of food products within specific USDA categories were significantly different between the low-and high-income groups [25] . In addition, independent sample t-tests were run to determine whether the number of products promoted in the circulars and nutritional quality of products differed significantly between the low-and high-income zip code groups. Chi-square statistics were also utilized to look at differences in types of promotions across low-versus high-income zip codes. A total of 805 products featured in the circulars were identified across the entire sample. A total of 288 products were advertised in circulars from the high-income group versus 517 products in the low-income group.
Results and Discussion
Online circulars from ten New York City grocery stores were analyzed. Five of the stores were located in the zip codes with the highest median income where grocery stores were present (all located in Manhattan); the remaining five were present in the lowest median income zip codes (three Bronx-based and two in Brooklyn). Of the 805 products identified in the circulars, 288 were advertised in circulars from the high-income group versus 517 products in the low-income group's. Results confirmed that the mean number of products per store was statistically significantly different between low-and highincome zip codes (t = 2.533, p < 0.05). Specifically, the grocery stores in the low-income group promoted significantly more products as compared to those in the high-income group.
Comparison of Products and Nutritional Content
All food products on the circulars' front page were classified using the USDA's Nutrient Database for Standard Reference Coding Chart which allowed for a consistent and standardized coding process [21] . An in-depth analysis of the nutrition content of all advertised foods was also conducted. In several instances, products met the characteristics of more than one USDA category and were therefore coded as such. For example, a product may have been categorized as a snack and also noted as containing at least 15 grams of carbohydrates per serving. The data presented therefore reflect these details. Table 1 presents the frequency distribution and corresponding proportion of featured circular products comprising each USDA category. The proportion of products that met specific nutrition characteristics is also described. Specifically, the proportion of products featured in the USDA categories of "fats and oils, spices and herbs, soups, sauces and gravies" (z = −4.19, p < 0.001), "fruits and fruit juices" (z = 3.81, p < 0.001), and "breakfast cereals, cereal grains and pasta products" (z = −3.85, p < 0.001) were found to be significantly different. Circulars from high-income grocery stores promoted more fruits and fruit juices and those from the low-income group advertised more products representing the remaining two groups. Fats and oils, spices and herbs, soups, sauces and gravies 3.3% (n = 9) 11.8% (n = 61)
Fruits and fruit juices 20.1% (n = 58) 10.4% (n = 54) Legumes and legume products, nut and seed products 0.7% (n = 2) 0.6% (n = 3)
Baked products, Snacks and sweets 14.9% (n = 43) 10.3% (n = 53) Vegetables and vegetable products 8.7% (n = 25) 7.5% (n = 39)
Total Number of Products Coded 288 517
Though the proportion of products being promoted was otherwise similar across the remaining categories, it should be noted that low-income stores advertised a higher number of products featured in the following categories: Processed foods and foods containing at least 15 grams of carbohydrates per serving. Circulars from both groups advertised few to no products labeled as low in sodium, reduced-, low-, or zero fat. Table 2 compares the low-and high-income groups' proportion of food products within each USDA category that involved a multiple sale. Of the 805 products coded across all the circulars, 32.7% (n = 263) were promotions involving multiple sales. A Chi-square test confirmed that there were no statistically significant differences in this type of promotion between the low-and high-income groups (Chi-Square = 1.173, p = 0.279).
Comparison of Multiple Sales
This cross-sectional study is limited by the two-month time frame for data collection (May through July, 2013). Also, certain food items advertised may have been seasonal in nature and therefore advertised with greater frequency than in other seasons, e.g., sales promotions for fresh corn. Given the large volume of products for sale in each circular, a single coder was responsible for data collection and only foods on the first page were analyzed. Finally, only digital circulars were analyzed, although it has been noted that digital promotions are about as effective as the printed version with regard to customer preference [26] . We were unable to identify any other studies that looked specifically at promotions in circulars from grocery stores in high-and low-income urban zip codes.
There were some noted differences in product offerings between high-and low-income groups (Table 1 ). The grocery stores in low-income zip codes promoted a significantly smaller proportion (approximately half the amount) of products in the USDA category of fruits and fruit juices (10.4% versus 20.1%). Additionally, the low-income group offered almost four times as many products (including ketchup, salad dressing and mayonnaise) from the USDA's food group containing fats, oils, soups, sauces, and gravies. Condiments such as these are considered added sources of calories, saturated fat, sodium, and sugar [27, 28] .
Encouragingly, over one-third (35.9%) of the fresh vegetable products advertised in the low-income group (versus almost one-quarter in the high-income group) were offered as a multiple sale. More than two-thirds of these multiple sales were for fresh corn. This practice of offering multiple sales on seasonal vegetables or fruits encourages increased purchase and consumption of these healthful foods.
Across both the high-and low-income groups, several similarities are also noteworthy. In both income groups, less than 5% of the products advertised were rich in fiber. Additionally, with 805 products advertised across both groups, there were no low-sodium products and few to no reduced-, low-, or zero fat products offered. As an important measure in preventing heart disease, the leading cause of death among Americans, the USDA and other leading public health agencies recommend a reduction in daily fat and sodium intake and an increased consumption of dietary fiber [29, 30] .
Finally, for both high-and low-income groups, over two-thirds of the products were processed (66.7% and 69.8%) and roughly a quarter contained at least 15g of carbohydrates per serving (24.0% and 27.1%, respectively). Essential to our diet, carbohydrate-containing foods are more beneficial if these foods are also fiber-rich. Although carbohydrate consumption is adequate among Americans, it is of poor nutritional quality [29, 30] . Insufficient dietary intake of fiber coupled with excess intake of added sugar and refined grains have contributed to the increased prevalence of chronic diseases [29, 30] . Table 2 . Proportion of food products offered with promotions involving multiple sales: Low-versus High-income grocery stores in New York City. 
Product
Conclusions
Our current understanding from the literature is that populations in lower-income communities have less access to nutritious foods. Our study's findings are contradictory in that the proportions of healthful and unhealthful foods advertised on the front page of grocery store circulars were similar across both low-and high-income groups. There are important public health implications to these findings. Circulars, used as a means to market sale items, can be considered as part of the built environment which has been described in the literature as an important factor in shaping health-related behaviors [31] .
According to a recent marketing report, grocery stores' use of print circulars is increasing [13] . A 2011 report indicated that of the 70% of shoppers who make a list prior to going to the grocery store, almost half utilize circulars in making that list [32] . In addition, coupon use is on the rise which may be a marker of the recent economic recession and resultant financial constraints of customers [33] .
In low-income urban areas, accessibility to healthy foods is greatly diminished amid the large number of smaller establishments such as bodegas and delis that generally offer foods and beverages lower in nutritional value. Grocery stores in these areas can utilize circulars as an important mechanism to promote affordable, nutritious foods. In our study, the circulars from stores located in low-income zip codes collectively advertised over 500 products on their front pages thereby highlighting a demand for foods priced to sell. Clearly, a strategic opportunity exists to offer more healthful foods at an affordable price to a population that is at higher risk for nutrition-related chronic disease.
Grocery stores have begun to implement more innovative efforts to promote the health of their customers. One Indiana-based chain has instituted both in-store programs supervised by a registered dietician as well as online resources and tools to increase customers' nutrition-related knowledge and purchases [34] . A program focusing on diabetes care was also recently instituted by this chain and promotes more healthful eating through various strategies including online support from a dietician, video cookbook, and enrollment in an educational program, all at no cost [35] .
In addition to initiatives like these, more traditional channels such as weekly circulars can be adapted to increase the availability and highlight placement of more nutritious foods on a regular basis. For instance, advertisements for seasonal fruits and vegetables can be regularly and prominently placed in circulars with a focus on multiple sales, e.g., two cartons of berries for the price of one or reducing the cost per pound of seasonal vegetables.
The strategy of cross-promotion encourages customers to purchase two or more products associated in some manner, e.g., ice cream and chocolate syrup or pasta and meat sauce. This method has been suggested as a store-based strategy to increase the promotion and sale of nutritious foods [36] and could also be utilized in circulars with prominent placement of such pairings as fresh fruit and yogurt, brown rice and beans, or fresh produce with low-fat salad dressing. One grocery store chain has developed a circular exclusively devoted to nutritious foods and includes this as part of a larger health promotion effort. The circular utilizes cross-promotion, additional coupons, recommendations from the chain's registered dietician, nutrition information on products offered, and additional web-based resources [37] .
Given their documented, extensive reach, circulars should be considered a potentially effective medium to promote the purchase and consumption of healthy foods. While it is known that advertising and marketing strategies are successful at influencing behaviors, public health research and program planning efforts can focus on partnering with grocery stores to incorporate more prominently placed, nutritious food choices on weekly circulars. Aligned nutrition education efforts can focus on supporting customers in identifying those products and promotions that are beneficial to their health.
